AD-A148  551  DEUTERIUM  ISOTOPE  EFFECT  ON  THE  COMPATIBILITY  BETMEEN  1/1 
POLYSTYRENE  AND  POL.  .  (U>  CINCINNATI  UNIV  OH  DEPT  OF 
MATERIALS  SCIENCE  AND  METALLURGICA.  .  J  L  LIN  ET  AL. 
UNCLASSIFIED  20  NOV  84  TR-12  N00014-77-C-0376  F/G  11/9  NL 


flflg  FILE  COPY  AD- A 148  551 


CKCUNITY  Cl.  ASM  ftCATlOM  Of  THIS  NA«*  f»IMa  Data  ftlm* 


REPORT  DOCUMENTATION  PAGE 


TTNKNONT  NUMSKN 

NO.  12 


4.  T1TI*  (m*  Suttffla; 

Deuterium  Isotope  Effect  on  the  Compatibility 
between  Polystyrene  and  Polybutadiene 


M 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


NKCINIKNT'S  CATALOG  NUMOCN 


E  TVN*  Of  NKNONT  *  MCMOO  COVKNCD 

Technical  Report 


a  NKNfONMINO  ON*.  NKNONT  NUMOCN 


ONR  N00014-77-C-0376 


NKNfONMINO  ONOAMIZATKMI  NAMK  AND  AOONKM 

University  of  Cincinnati 
Cincinnati,  Ohio  45221-0012 


II.  CONTNOVUNO  Of  f  ICC  NAMK  ANO  AOONKM 

Office  of  Naval  Research 
800  N.  Quincy  Street 
Arlington,  VA  22217 

e  aokncy  namC  o  aoonkivk  mBSXTt 


la  NKNONT  DATS 

November  20,  1984 


•a  NUMOCN  Of  NAOKS 

11 


Camumlllmi  Otti tm)  IS  SKCUNITV  CLASS,  fat  OMa  fapaaO 

Unclassified 


l«.  OISTNIOUTION  STATKMKnT  (ml  Mia  N apart; 


Distribution  Unlimited.  Approved  for  Public  Release. 


19.  KlV  WORM  fCwrtwii  on  ooooroo  flM»  If  RWHioy  oW  Hmttifr  *r  Mm*  i 


Polystyrene,  Polybutadiene,  Compatibility,  Deuteration, 
Deuterium  Isotope  Effect 


M.  AOS1 NACT  f Can II—  a  an  ravaraa  aMi  If  nacaaaary  nf  itmmUtr  N  UmI  —Ml 

>We  studied  the  effect  of  deuteration  of  polystyrene  on  the  miscibility 
behavior  of  polystyrene-polybutadiene  blend  systems.  We  prepared  a  poly¬ 
styrene  having  its  aromatic  hydrogens  replaced  by  deuterium  by  starting 
from  an  ordinary  polystyrene  and  treating  it  with  deuterated  benzene  in 
the  presence  of  an  organometallic  catalyst.  We  also  prepared,  as  a  control, 
a  hydrogeneous  polystyrene  of  closely  similar  structure  by  repeating  the 
same  procedure  except  that  this  time  ordinary,  rather  than  deuterated^ 
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enzene  was  used.  These  matching  pairs  of  h7drogenaoua  and  deutereous 
polystyrenes*  when  mixed  with  a  polybutadiene  or  a  styrene-butadiene 
random  copolymer,  were  shown  to  give  practically  identical  cloud  point 
curves,  thus  Indicating  that  the  deuterium  Isotope  effect  is  negligible x- 
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INTRODUCTION 

The  availability  of  small-angle  neutron  scattering 
techniques  in  recent  years  has  opened  up  many  new  avenues  of 
research  in  polymer  field.  In  neutron  scattering  studies 
deuterated  polymer  molecules  are  often  substituted  for  some  of 
the  usual,  hydrogeneous  molecules  as  a  means  of  selective 
labeling.  Such  substitution  relies  on  the  fact  that  the  neutron 
scattering  lengths  of  deuterium  and  hydrogen  are  very  different, 
while  the  difference  in  other  physical  and  chemical  properties 
between  the  deuterated  and  hydrogenated  counterparts  is  usually 
negligibly  small.  In  some  cases,  however,  the  properties  differ 
significantly  enough  to  produce  measurable  isotope  effects.  For 
example,  the  difference  in  the  melting  points  between 
polyethylene  and  deuterated  polyethylene  leads  to  the  clustering 
of  the  latter  in  the  crystals  obtained  from  a  mixture.1’2  The 
theta  temperature  of  polystyrene  in  cyclohexane  is  altered  when 
either  the  polymer  or  the  solvent  is  deuterated. ^  in  the  study 
of  polymer  blends,  the  compatibility  of  polystyrene/polybutadiene 
and  polystyrene/poly ( vinyl  methyl  ether)"*  blend  systems  appears 
to  be  modified  when  the  polystyrene  is  substituted  by  its 
deuterated  equivalents. 

In  this  work  we  re-examine  the  question  of  deuterium  isotope 
effect  on  the  polymer  blend  compatibility.  We  have  prepared 
pairs  of  hydrogenated  and  deuterated  polystyrenes  of  closely 
similar  structure  and  molecular  weight  distribution  through  a 
hydrogen  (or  deuterium)  exchange®’^  reaction,  starting  from  the 
same  batches  of  polystyrene  samples.  Compatibility  of  these 


polymers  with  butadiene  homopolymer  or  styrene-butadiene  random 
copolymer  was  then  studied  by  means  of  cloud  point  measurements. 

EXPERIMENTAL 

Two  anionically-polymerized  polystyrenes,  obtained  from  the 
Pressure  Chemical  Company,  were  used  as  the  starting  material  for 
the  exchange  reaction.  These  two  polystyrenes,  having  the 
nominal  molecular  weights  of  2,000  and  100,000  are  given  the 
designation  2 KPS  and  100KPS,  respectively.  The  aromatic 
hydrogens  of  polystyrene  can  be  exchanged  to  deuteriums  by 
reacting  the  polystyrene  with  excess  deuterated  benzene  in  the 
presence  of  an  organometallic  catalyst.6 The  procedure  we  used 
is  briefly  as  followed:  to  the  solution  of  2g  of  polystyrene 
dissolved  in  20g  of  CgDg  we  added  0.18ml  of  the  catalyst, 
ethyl aluminium  dichloride  and  a  small  amount  of  HC1  gas  as  a 
co-catalyst.  After  four  hours  of  gentle  agitation  under  nitrogen 
in  a  shaker,  the  catalyst  was  destroyed  with  water,  and  the 
polymer  was  isolated  and  dried.  The  deuterated  samples  are 
designated  2K PSD  and  100KPSD,  respectively,  depending  on  the 
starting  material.  Their  extents  of  deuteration  were  determined 
by  NMR  and  were  found  to  be  93*3%  and  93.8%  of  aromatic 
hydrogens,  respectively.  Next,  the  same  reaction  was  repeated 
under  exactly  the  same  conditions  but  this  time  with  ordinary 
benzene  instead  of  deuterated  benzene.  The  polystyrenes  thus 
obtained,  in  which  the  aromatic  hydrogens  were  replaced  by  other 
hydrogen  atoms  from  the  benzene,  are  designated  2KPSH  and 
100KPSH.  These  two  hydrogeneous  polystyrenes  were  prepared  as  a 


"control";  that  is,  for  the  purpose  of  comparison  with  the 
behavior  of  the  deuterated  polystyrenes.  The  above-mentioned 
hydrogen-exchange  reaction  is  evidently  accompanied  by  side 
reactions,  chain  scission  and  crosslinking  (or  chain  grafting). 
After  the  reaction,  the  molecular  weight  of  polystyrenes  of 
initially  fairly  long  chains  was  seen  to  decrease  slightly,  while 
that  of  initially  short  chains  was  seen  to  increase  slightly.** 

By  the  above  procedure  of  preparing  the  controls,  we  can  be 
fairly  sure  of  having  matching  pairs  of  hydrogeneous  and 
deutereous  polystyrenes  of  closely  similar  structure  and 
molecular  weight  distribution. 

The  molecular  weight  distributions  of  all  six  polystyrene 
samples  were  determined  with  GPC  and  the  average  molecular 
weights  calculated  from  the  chromatograms  are  listed  in  Table  I. 
All  the  samples  were  run  on  the  same  day  one  after  the  other,  so 
that  any  error  in  the  calibration  would  have  affected  all  of  them 
similarly . 

For  the  miscibility  studies,  the  2000  MW  polystyrenes  were 
mixed  with  a  polybutadiene,  obtained  from  Goodyear  Chemical 
Company,  having  Mn  by  (VPO)  of  2350  and  MW/MR  ratio  (by  GPC)  of 
1.13.  The  100,000  MW  polystyrenes  were  mixed  with 
styrene/butadiene  random  copolymer  containing  68.4  weight  % 
styrene.  Its  GPC  characterization  data  are  also  listed  in 
Table  I.  This  copolymer  was  prepared  by  radical  polymerization 
at  60°C  in  a  mixed  solvent  containing  benzene  and  ethylbenzene  in 
the  ratio  of  1  to  4.  The  conversion  was  confined  to  about  10J 
(18  hours)  in  order  to  limit  the  compositional  heterogeneity  in 
the  random  copolymer  molecules. 
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The  cloud  points  of  the  mixtures  were  determined  by  light 
scattering  as  described  in  our  earlier  publication.^ 

RESULTS  AND  DISCUSSION 

The  cloud  points  determined  with  the  series  of  mixtures 
containing  the  polybutadiene  as  the  first  component  and  one  of 
the  2K  polystyrenes  as  the  second  component  are  given  in 
Figure  1.  The  two  polystyrenes,  2KPSD  and  2KPSH,  which  went 
through  the  exchange  reaction,  show  about  the  same  cloud  point 
curves,  which  are  clearly  different  from  the  cloud  point  curve 
obtained  with  the  original,  untreated  polystyrene.  Figure  2 
shows  the  cloud  points  determined  with  the  series  of  mixtures 
containing  the  styrene-butadiene  random  copolymer  and  one  of  the 
100K  polystyrenes.  Here  again,  the  two  treated  polystyrenes, 
100KPSD  and  100KPSH,  give  almost  identical  cloud  point  curves, 
whereas  the  cloud  points  obtained  with  the  untreated  polystyrene 
is  displaced  about  60°  higher  in  temperature. 

Table  I  shows  that  both  2KPSD  and  2KPSH  have  higher  MW  than 
the  original  2 KPS,  while  100KPSD  and  100KPSH  have  lower  MW  than 
the  original  100KPS.  This  is  in  accord  with  the  results  obtained 
by  Willenberg,^  and  probably  results  from  the  fact  that  the 
effect  of  chain  scission  is  more  sensitively  reflected  in  the 
average  molecular  weight  of  longer  chains,  whereas  with  short 
chains  the  chain  grafting  (or  crosslinking)  is  the  more  Important 
effect.  As  a  consequence  of  these  changes  in  the  chain  lengths, 
the  cloud  point  curves  have  shifted  upward  in  the  case  of  2K 
polystyrenes,  but  shifted  downward  in  the  case  of  100K 
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polystyrenes.  The  direction  of  change  is  in  agreement  with  the 
direction  of  change  in  the  molecular  weight.  But  the  magnitudes 
of  change  are  much  higher  than  expected  from  the  molecular  weight 
changes  alone.  To  see  this,  we  make  the  following  simple 
analysis. 

O 

We  have  shown  earlier0  that  the  miscibility  behavior  of 
polymer  blends,  in  particular  of  those  involving  styrene  and 
butadiene  constituents,  can  be  described  semi-quantitatively  on 
the  basis  of  the  Flory-Huggins  free  energy  of  mixing,  which  we 
write  as 

AGm  =  RT[ ( 1/V.j )  d>i  1  n 4>>|  +  (1/V2)4>2ln<fr2]  +  A^  <j>2  (1) 

where  A Gm  is  per  unit  volume  of  the  mixture,  ,V2  are  the  molar 
volumes,  d>-j » d>2  are  the  volume  fractions  of  the  components,  and  A 
is  the  Interaction  energy  density.  On  the  assumption  that  A  is 
Independent  of  composition,  the  critical  temperature  Tc  can  be 
derived  from  (1)  as 

Tc  =  (A/R)2V1V2/(/71+/V2)2  .  (2) 

Taking  component  1  as  the  poly  butadiene  or  the  styrene-butadiene 
random  copolymer  and  component  2  as  the  polystyrene,  we  are 
interested  in  the  variation  in  T^  induced  when  V2  is  varied.  By 
differentiating  (2)  (and  neglecting  the  small  temperature 

O 

dependence  of  A )  we  obtain 

31nTc/ainV2  s  1/C  1  +  (V2/V1)1/23  .  (3) 

For  polydisperse  polymers,  the  critical  temperature  is 
determined  by  the  weight-average  as  well  as  the  z-average 
molecular  weights^* (or  the  molar  volumes).  Since  the 
polydispersity  of  our  samples  is  fairly  low,  we  will  simply  use 


the  weight-averages  and  utilize  eq.  (3)  to  calculate  the  expected 
variation  in  Tc  induced  by  the  changes  in  the  molecular  weight  or 
Vg.  For  the  2K  polystyrenes,  the  change  in  Mw  is  6.6%,  which 
should  have  produced  3*3%  or  13°  Increase  in  Tc,  much  smaller 
than  the  observed  Increase  of  about  17°.  For  the  100K 
polystyrenes,  Mw  has  decreased  after  the  exchange  reaction  by 
12.6$,  which  should  have  produced  a  decrease  in  Tc  of  2.9$  or 
about  11°  (note  that  Vg/V-j  is  very  large  in  this  case).  The 
observed  decrease  in  Tc  is  about  60°.  The  large  discrepancy 
between  the  observed  and  expected  change  in  Tc  suggests  that  the 
miscibility  behavior  of  polymer  blends  is  sensitive  to  the  fine 
structure  of  the  polymers  such  as  the  degree  of  branching  or 
possibly  the  tacticity,  in  addition  to  the  molecular  weight  and 
molecular  weight  distribution.  Our  results,  on  the  other  hand, 
suggest  that  the  deuterium  isotope  effect  is  negligible  at  least 
in  the  styrene-butadiene  system  we  studied. 
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Table  I 

Characterization  of  Polymer  Samples 


Sample 


Remarks 


2  KPS 

Pressure  Chemical  Co. 
Untreated 

1 .75x103 

1.96x103 

2.16x10 

2KPSD 

Deuterated 

93.3%  D 

1.95 

2.10 

2.26 

2KPSH 

Hydrogen  Exchanged 

1.94 

2.08 

2.23 

100KPS 

Pressure  Chemical  Co. 
Untreated 

95.4 

101 .7 

107.9 

100KPSD 

Deuterated 

93.8%  D 

79.2 

91 .2 

101 .0 

100KPSH 

Hydrogen  Exchanged 

72.7 

91.4 

103.8 

PBD 

Goodyear  Chemical  Co. 
(CDS-B3) 

2.35 

2.66 

— 

S/B  random  copolymer 

68.4%  styrene 

4.56 

8.58 

17.5 

LEGEND  TO  FIGURES 

Figure  1.  Cloud  points  obtained  with  mixtures  containing 

polybutadiene  (Mn  =  2350)  as  the  first  component  and 
one  of  the  polystyrenes  of  approximately  2000 
molecular  weight  as  the  second  component.  Triangles: 
2KPS,  ordinary  polystyrene  obtained  from  Pressure 
Chemical  Company.  Open  circles:  2KPSD,  deuterated 
polystyrene  prepared  by  treating  2 KPS  polystyrene  with 
deuterated  benzene.  Closed  circles:  2KPSH, 

hydrogeneous  polystyrene  prepared  as  a  control  by 
treating  2KPS  polystyrene  with  ordinary  benzene. 

Figure  2.  Cloud  points  obtained  with  mixtures  containing 

styrene-butadiene  random  copolymer  (Mw  =  8600,  styrene 
68.4%)  as  the  first  component  and  one  of  the 
polystyrenes  of  approximately  100,000  molecular  weight 
as  the  second  component.  Triangles:  100KPS,  ordinary 
polystyrene  obtained  from  Pressure  Chemical  Company. 
Open  circles:  100KPSD,  deuterated  polystyrene 

prepared  by  treating  100KPS  polystyrene  with 
deuterated  benzene.  Closed  circles:  100KPSH,  a 

control  prepared  by  treating  100KPS  polystyrene  with 
ordinary  benzene. 
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